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PROBLEM TO BE SOLVED: To inexpensively produce foams of high melting materials 
(metals and ceramics) having excellent lightness in weight, air permeability and filtration 
characteristic and directional pores. 

SOLUTION: Metals or ceramics are melted in a melting furnace to obtain molten metal. 
Gases consisting of at least one kind of gases among gaseous H, N and O, are applied to 
this molten metal and the total pressure 1 to 500atm of the gases is applied thereto to 
dissolve the gases. Casting molds are preheated to a range of the respective, m.p. of the 
metals or ceramics ±50°C. While the total pressure of the gases applied to the molten 
metal is maintained, the molten metal is poured into the preheated casting molds. While 
the total pressure of the gases applied to the molten metal is maintained, the heat 
extraction from the upper surface and flanks of the casting molds is prevented and the 
heat is extracted from the lower surface alone to allow the molten metal to solidify. The 
molten metal is unidirectionally solidified to the foam which extends upward, has the 
directional pores of a minor diameter of 5um to 10mm and porosity of 50 to 98%. Further, 
fine particles to constitute the nuclei for foaming are added to the molten metal. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the foam which has the directivity pore characterized by 
consisting of a process of following (a) - (e). 

(a) (b) b [ the process which dissolves a metal or the ceramics into a fusion furnace, and obtains a 
molten metal, and ] Rank second. By consisting only of at least one sort of gas among hydrogen, 
nitrogen, and oxygen gas to said molten metal, and applying the total pressure of the gas concerned 
within the limits of one to 500 atmospheric pressure (d) d [ the process which heats beforehand the 
process which dissolves said gas in said molten metal, and (c) mold to temperature with a melting point / 
of said metal or said ceramics / each / of -50 degrees C or more /, and a melting point of +50 degrees C 
or less within the limits, and ] Rank second. The total pressure of said gas added to said mold which said 
temperature preheated at the process which casts said molten metal, and the (e) aforementioned molten 
metal has been held with the total pressure of said gas added to said molten metal held. The process 
which has the directivity pore of 5 micrometers - 10mm of minor axes prolonged for a long time up by 
preventing cooling from the top face and side face of said mold, carrying out cooling only from the 
underside of said mold, and making a molten metal solidify, and foam of 50 - 98% of porosity is made 
to carry out one direction coagulation. 

[Claim 2] The manufacture approach of the foam which has further the directivity pore characterized by 
adding the process which adds the very fine particle which serves as a foaming nucleus at a molten 
metal at the process of invention according to claim 1. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi^ 9/15/2004 



Page 1 of 6 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a foam metal (an alloy is 

included) and the foaming ceramics. 

[0002] 

[Description of the Prior Art] A foam metal and porous ceramics are a metaled kind which made the 
countless air bubbles by foaming remain in a metal, and a kind of the ceramics which made countless 
pore form into the ceramics, respectively, and its all are lightweight, and they are the ingredients 
excellent in permeability and a filtration function. 

[0003] There is the approach of** of a degree and ** as an approach of manufacturing such a foam 
metal. 

** By the manufacture approach this gentleman method by electroplating, use urethane foam as foaming 
resin, in order to perform electric conduction processing to this, apply carbon, and perform nickel 
plating for this in an electric plating bath. Calcining of after nickel plating is carried out at 600 degrees 
C, it incinerates urethane foam, and returns it in a 900-degree C hydrogen air current further. Although 
electric conduction processing is unnecessary since a pitch based carbon fiber is conductivity when 
using the felt of a pitch based carbon fiber for a foaming base material, it is manufactured through the 
process of reduction one by one by the washing [ of the felt ], electroplating, and calcining following ** 
like the above-mentioned example. 

[0004] Thus, when the obtained foam metal is used as a substrate of the electrode of nickel-Cd and a Ni- 
H battery, it is nickel (OH)2. Since it can be filled up with negative-electrode active materials, such as 
positive active material, Cd, and a hydrogen storing metal alloy, so much in pore, miniaturization of a 
cell and high capacity-ization can be attained. 

[0005] ** The manufacture approach this gentleman method by casting is adopted by manufacture of a 
foam metal with the low melting point like aluminum. That is, air is blown into a metal molten metal, 
and after adding calcium etc. and making viscosity increase, a foaming agent is added in the temperature 
near [ the ] the melting point. As a foaming agent, the hydride which generates gas, and the natural 
mineral containing water are used. It is made to solidify, since gas air bubbles are generated shortly after 
adding a foaming agent to a metal molten metal, agitating a molten metal quickly with an agitator and 
distributing air bubbles. 

[0006] On the other hand, there is an approach by ** sintering process as an approach of manufacturing 
the porous body of the ceramics. As for this approach, it is common to prepare the ceramics to a 
predetermined size range, and to sinter and manufacture the obtained ceramic powder. 
[0007] 

[Problem(s) to be Solved by the Invention] However, there is the following problem in the manufacture 
approach of the above-mentioned ** - **, respectively. That is, the manufacture approach by ** 
electroplating consists of many processes, as mentioned above. Therefore, since the foam metal plate 
which slices thinly the foam metal manufactured by this approach, and is made became expensive, it had 
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become the cause which bars the spread of foam metals. 

[0008] ** Since the foaming agent generated gas at comparatively low temperature when based on 
casting, foam manufacture of the metal which has the high melting point which can manufacture only a 
metal with the low melting point like aluminum, but exceeds 1000 degrees C like nickel or iron was 
difficult the former. Moreover, when manufacturing the foam of a metal with the high melting point, the 
high matter of a generation-of-gas elevated temperature must be used like a titanium hydride as a 
foaming agent. However, such a foaming agent is expensive and a manufacturing cost becomes high. 
[0009] ** With the foaming ceramics by the sintering process, only that whose porosity is about 50% 
could be manufactured, but the problem was in lightweight nature and permeability. Therefore, the 
object of this invention solves the problem mentioned above, manufactures it according to a suitable 
production process more cheaply than before, and conventionally, since foam is expensive in 
manufacture being difficult, manufactures the foam of the high-melting metal which was high as for the 
manufacturing cost by the simple approach, and manufactures it more cheaply. And it is in offering the 
approach that the highly efficient foaming [ which was not obtained conventionally ] ceramics which 
was lightweight and was excellent in permeability can be manufactured simple. 
[0010] 

[Means for Solving the Problem] this invention person etc. was a completely new approach, repeated 
research wholeheartedly that the approach of manufacturing the foam metal and foaming ceramics 
which can control porosity in the magnitude of pore and directivity, and a list simple should be 
developed, and acquired the following knowledge from a viewpoint mentioned above. That is, it found 
out that the foam metal and foaming ceramics of the description for which it wishes could be 
manufactured by making it solidify, controlling cooling agitating a molten metal in the condition 
[ fusing the matter concerned, dissolving gas under the suitable high voltage for the obtained molten 
metal, and having dissolved gas ]. 

[001 1] This invention is made based on the above-mentioned knowledge, and the manufacture approach 
of foam according to claim 1 has the description to consist of a process of following (a) - (e). 

(a) (b) b [ the process which dissolves a metal or the ceramics into a fusion furnace, and obtains a 
molten metal, and ] Rank second. By consisting only of at least one sort of gas among hydrogen, 
nitrogen, and oxygen gas to a molten metal, and applying the total pressure of the gas concerned within 
the limits of one to 500 atmospheric pressure (d) d [ the process which heats beforehand the process 
which dissolves gas in a molten metal, and (c) mold to temperature with a melting point / of a metal or 
the ceramics / each / of -50 degrees C or more /, and a melting point of +50 degrees C or less within the 
limits, and ] Rank second. The total pressure of the gas added to the mold which the above-mentioned 
temperature preheated at the process which casts a molten metal, and the (e) molten metal has been held 
with the total pressure held applied to the molten metal. The process which has the directivity pore of 5 
micrometers - 10mm of minor axes prolonged for a long time up by preventing cooling from the top face 
and side face of mold, carrying out cooling only from the underside of mold, and making a molten metal 
solidify, and foam of 50 - 98% of porosity is made to carry out one direction coagulation. 

[0012] The manufacture approach of foam according to claim 2 has the description to add further the 
process which adds the very fine particle which serves as a foaming nucleus at a molten metal to 
invention according to claim 1. 
[0013] 

[Embodiment of the Invention] Next, the reason limited as the manufacture approach of this invention 
was mentioned above is explained. 

(b) It casts and cools to predetermined mold and it is made to solidify holding within the limits of total 
pressure =1 - 500 atmospheric pressure of the gas to a molten metal, and holding the pressure. : 
dissolving a metal or the ceramics by the predetermined approach first, other gas makes at least the gas 
ambient atmosphere which is not included substantially including a kind of gas among nitrogen, oxygen, 
and hydrogen gas to the molten metal subsequently obtained. Within the limits of one to 500 
atmospheric pressure, the total pressure of this gas ambient atmosphere dissolves the gas concerned. The 
total pressure of gas has few amounts of dissolutions of gas with less than one atmospheric pressure, and 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/15/2004 



Page 3 of 6 



it is difficult to obtain the foam of high porosity. On the other hand, the foam which has desired porosity 
with the total pressure to 500 atmospheric pressures can be obtained. In order to obtain the pressure 
beyond it, facility cost becomes high, and it is uneconomical. Therefore, total pressure of gas is made 
into within the limits of one to 500 atmospheric pressure. 

[0014] The solubility of the hydrogen in Fe is illustrated about the case of various hydrogen pressure 
force to drawing 1 . The melting point of Fe is about 1539 degrees C, hydrogen solubility does not 
depend on the size of the hydrogen pressure force by Solid-state Fe, but although it is small, if it 
becomes Liquid Fe, it will become large rapidly. And it turns out that the hydrogen solubility in Liquid 
Fe becomes so large that the hydrogen pressure force becomes large. Therefore, in order to make a lot of 
hydrogen gas remain in Solid-state Fe, the hydrogen pressure force which was being applied to Fe of a 
liquid condition must be held as it is, and must be made to solidify. 

[0015] The solubility of the gas to the inside of a molten metal becomes settled with temperature and the 
pressure of gas according to the combination of the gas-molten metal matter. And since the capacity 
which remains in a solid-state is mainly decided by the above-mentioned combination and gas pressure, 
thereby, porosity can be adjusted. 

[0016] Not only when a molten metal kind is [ a type of gas ] hydrogen in Fe but when it is gas and 
molten metals are hydrogen, nitrogen, and oxygen with a metal or the ceramics, behavior of the same 
inclination as the above is carried out. Therefore, the conditions of (b) are required. 
[0017] (b) Cooling and coagulation of are done choosing a kind for a type of gas from from at least 
among hydrogen, nitrogen, and oxygen, and agitating a molten metal. : the type of gas dissolved in a 
molten metal needs to cause an eutectic reaction, when the molten metal (a metal molten metal or 
ceramic molten metal) containing the gas concerned solidifies. When a molten metal solidifies, in 
causing an eutectic reaction, the solid phase and the gas phase concerned of the molten metal matter 
concerned form the so-called eutectic structure which deposits in the shape of a layer in micro. In 
forming eutectic structure, in the case of plural system matter ("henceforth a pure substance etc."), such 
as the time of coagulation, i.e., the plural system alloy with which the molten metal concerned forms 
pure substances, such as a pure metal, or a complete solid solution, it sets to the melting point. In the 
temperature region below the liquidus-line temperature in which solid-liquid carries out a coexistence 
layer in the case of plural system matter ("henceforth the plural system matter etc."), such as a plural 
system alloy which does not form a complete solid solution, and beyond solidus-line temperature Pore 
can acquire from the bottom the one direction coagulation object prolonged upwards by cooling only 
from a lower part, without cooling a molten metal from the upper part and a side face. 
[0018] Hydrogen, nitrogen, and oxygen are gas which causes a metal, an alumina and a magnesia, and 
eutectic reactions, such as Fe, nickel, Cu, aluminum, and Mo. drawing 2 - the duality of a Cu-H system 
~ the mimetic diagram of a system equilibrium diagram is shown. In this drawing, M expresses Cu. If 
molten metal temperature is slowly lowered along with the straight line m among this drawing if the 
approach of this invention is applied to a Cu-H system and the small region in a molten metal is 
observed, and it becomes P eutectic temperature, temperature lowering will stagnate, and spherical air 
bubbles are formed in a solid-liquid interface, it grows up for a long time up along with progress of 
coagulation, coagulation is completed, temperature falls again, and the foam metal of Cu is obtained. 
[0019] The microstate mimetic diagram in the coagulation process of the molten metal by this invention 
is shown in drawing 3 . Since a lifting and one direction coagulation are carried out for an eutectic 
reaction in the melting point or coagulation temperature, into the liquid phase L, many column-like the 
gas phases G and solid phase S deposit, and each grows up. The gestalt of the gas phase G is prolonged 
in the shape of a cylinder under the effect of surface tension, and a perimeter is filled with solid phase. 
[0020] However, in the case of the type of gas which forms solidification structure other than an eutectic 
reaction, solid phase and a gas phase do not live together in micro at the time of coagulation, but it 
separates into a two phase in macro. Therefore, it is difficult to make air bubbles form in the interior of a 
coagulation object. 

[0021] (c) The temperature of mold is beforehand heated to within the limits with a melting point [ of 
the metal concerned or the ceramics / each / of -50 degrees C or more ], and a melting point of +50 
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degrees C or less. : use the thing of construction material which can secure thermal conductivity as 
mold, and cool if needed. For the temperature of mold, in the case of a pure substance etc., a molten 
metal is the melting point. - In the case of less than 50 degrees C, the plural system matter, etc., at 
temperature with a liquidus-line temperature of less than -50 degrees C, many coagulation nuclei occur 
with a mold wall, and one direction solidification structure is not obtained. On the other hand, at the 
temperature which the temperature of mold exceeds the melting point or the liquidus-line temperature of 
+50 degrees C, respectively, time amount is required by coagulation initiation, productive efficiency 
falls or a mold life becomes short. Therefore, it is required to heat mold beforehand to the melting point 
or the liquidus-line temperature of -50 degrees C or more, the melting point, or liquidus-line temperature 
of +50 degrees C or less of a molten metal. 

[0022] (d) What directivity pore is made to form into a metal or the ceramics at homogeneity, and is 
been diameter =5micrometer-10mm of pore, and porosity =50-98% : when the gestalt of pore has 
directivity in cylindrical, it is convenient for a light-construction member or aeration material, and 
suitable for applications, such as a high intensity shaft and filter support. 

[0023] The amount of dissolutions of gas is controllable by choosing the temperature and gas pressure 
of a molten metal suitably according to the class of a metal-gas system or ceramic-gas system (for 
example, refer to drawing 1 ). Therefore, the magnitude and the porosity of pore of a foam metal and the 
foaming ceramics are controllable. If permeability worsens and a pore diameter becomes larger than 
10mm on the other hand in less than 5 micrometers, it will become difficult to secure material strength. 
Therefore, a pore diameter is made into within the limits of 5 micrometers - 10mm. The pore of such a 
small path that the cooling rate of a molten metal is large is obtained, and since pore grows, the pore of a 
large path generates it, so that a cooling rate is small. 

[0024] Moreover, if porosity is inferior to lightweight nature and permeability at less than 50% and it 
exceeds 98% on the other hand, it is difficult to secure material strength. Therefore, porosity is made 
into 50 - 98% of within the limits. If the void volume in a molten metal becomes high, the film of air 
bubbles will explode with the surface tension of a molten metal, and the so-called open cell which pores 
opened for free passage will be made. Formation of an open cell adds and thickens calcium, Mg, etc., 
when making the independent hole which is not open for free passage form, since it is dependent on the 
viscosity of a molten metal. 

[0025] (e) Cooling from the top face and side face of mold is prevented, cooling is carried out only from 
the underside of mold, and a molten metal is made to solidify. : in order to make directivity pore form, it 
is as having mentioned above that it is required to make one direction solidification structure form. 
Since the consistency is larger than a molten metal, the crystalline nucleus (solid-state) which cooling 
from a lower part generates in a molten metal (liquid) sediments. Therefore, unless it advances 
coagulation from a lower part, air bubbles cannot be extended up to homogeneity. Therefore, cooling of 
mold must be limited from down. In addition, cooling sprays gas, such as nitrogen and an argon, Myst, 
water, etc. on mold, and performs them. 

[0026] (**) in order to adjust distribution of the thing:pore which adds the very fine particle used as a 
foaming nucleus to a molten metal - a charcoal fire with the melting point higher than the melting point 
or liquidus-line temperature of a molten metal — it is desirable to add suitably very fine particles, such as 
an object, a nitride, or an oxide. It is because these very fine particles serve as a generating nucleus of 
pore and distribution of pore is made into homogeneity. 
[0027] 

[Example] Next, an example explains the manufacture approach of the foam this invention to a detail 
further. Outline drawing of longitudinal section of dissolution / casting equipment used for drawing 4 in 
order to examine the approach of an example and the example of a comparison is shown. As for close, 
the whole equipment is in a high pressure vessel 1. Various metals or the ceramics is dissolved with a 
fusion furnace 2. The pressure in a high pressure vessel 1 is suitably raised for hydrogen, nitrogen, or 
oxygen gas to the obtained molten metal 4 from the gas addition tubing 5 to a predetermined pressure 
with an entrainment through the porous brick 6, and the gas concerned is added. Thus, the fusion 
furnace 2 in which the molten metal 4 in which the gas of predetermined concentration was dissolved 
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was held is tilted, and it pours into mold 8 via tundish 7. After impregnation is a wrap about the mold 8 
upper part with heat insulating brick 15, in order to prevent cooling from the upper part. Mold 8 is 
beforehand heated to optimal temperature by heater 3\ On the other hand, if a cooling medium 1 1 is 
sprayed on the lower part of mold 3 and it cools from the mold lower part to an one direction toward the 
upper part, a coagulation metal phase or a ceramic phase, and a gas phase will grow up. If an oscillation 
is given to mold 8 with a cooling medium 1 1, since it will be easy to generate a coagulation nucleus in a 
molten metal side, as for mold, fixing firmly is desirable. The gas pressure in a high pressure vessel 1 is 
held to the above-mentioned predetermined pressure till the completion of coagulation, and it controls 
that gas slips out from a molten metal at the time of cooling and coagulation of a molten metal. 
[0028] A foam metal and the foaming ceramics were manufactured by the above-mentioned approach 
using the above-mentioned testing device. Example No. 1-10 which are within the limits of this 
invention, the manufacture conditions of each foam of example No.of comparisonl-2 that this invention 
is out of range, and the acquired description (a pore gestalt, a pore diameter, and porosity) of foam are 
shown in a table 1 . In addition, the temperature section from the melting point of +50 degrees C of each 
molten metal (or liquidus line) to the melting point (or liquidus line) of -250 degrees C was cooled with 
the average cooling rate of 0.01-100 degrees C/sec. 
[0029] 
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[0030] In example No.l, hydrogen was added with 50 atmospheric pressures to 1800-degree C nickel 
molten metal, and it cast to the mold which preheated this at 1400 degrees C at homogeneity. It sprayed, 
and full coagulation of Myst which made water the detailed particle for the mold upper part after casting 
on the base of a bonnet and mold with the insulation cover was cooled and carried out from the one 
direction. By this, it has the air bubbles which grew with a diameter (minor axis) of 0.5mm in the shape 
of a column, and foaming nickel of 90% of porosity was able to be obtained. The mimetic diagram of 
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the gestalt of the pore of this foaming nickel and a distribution condition is shown in drawing 5 . Slice 
cutting was carried out and this foaming nickel was used for the plate with a thickness of 0.8mm at the 
positive electrode of a Ni-H battery. Since it is conventionally cheaper than elegance and pore has 
penetrated on the front reverse side, this is nickel (OH)2. Restoration is also smooth and the small 
outstanding electrode engine performance of sag was shown. 

[0031] In example No.2-10, the partial change of the cooling medium was carried out, and foam was 
manufactured by the approach according to example No.l. However, at example No.3, and 7 and 8, they 
are TiC and aluminum 203 to a molten metal, respectively. And the particle of TiN was added. 
Moreover, the partial change of the class of molten metal and the class of addition gas was carried out. 
Other manufacture conditions are as having been shown in a table 1. All have column-like pore and 
were able to obtain the foam of desired description. 

[0032] On the other hand, in example No.of comparison 1, since mold temperature was lower than the 
melting point of -50 degrees C of a molten metal metal and iron, crystal grain grew from the mold wall, 
and grain-like pore was mixed and formed in some foaming iron. 

[0033] In the example 2 of a comparison, since the hydrogen gas addition pressure was low and this 

invention's was out of range, the porosity of foaming nickel was less than 50%. 

[0034] 

[Effect of the Invention] As stated above, according to this invention, conventionally, manufacture is 
difficult or The foam of the ceramics which was not able to be enough satisfied in the foam, the high- 
melting metaled lightweight nature, and the high-melting metaled permeability whose cost was high, A 
list can be provided with the approach of manufacturing simple what is foam of the metal of varieties, an 
alloy, and the ceramics, and has directivity pore according to the easy process of the dissolution under 
high voltage, casting, and coagulation, and useful effectiveness is brought to it on industry. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between the temperature of Fe in the case of 
various hydrogen pressure force, and the solubility of hydrogen. 

[Drawing 2] the duality of a Cu-H system — it is the mimetic diagram of a system equilibrium diagram. 
[Drawing 3] It is the micro mimetic diagram of the interior in the coagulation process of the molten 
metal by this invention. 

[Drawing 4] It is outline drawing of longitudinal section of dissolution / casting equipment used in order 
to examine the approach of an example and the example of a comparison. 

[Drawing 5] the gestalt and distribution condition of pore of foaming nickel which were acquired by the 
approach of this invention are shown typically - it is cross-section notch drawing a part. 
[Description of Notations] 

1 High Pressure Vessel 

2 Fusion Furnace 

3 3' Heater 

4, 4\ 4" Molten metal 

5 Gas Addition Tubing 

6 Porous Brick 

7 Tundish 

8 Mold 

9 One Direction Coagulation Metal 

10 Pore 

1 1 Cooling Medium 

12 Cooling-Medium Supply Pipe 

13 Cooling-Medium Exhaust Pipe 

14 Flueing Tubing 

15 Heat Insulating Brick 

16 Pillar-shaped Pore 

17 Nickel Metal 
L Liquid 

S Solid-state 
GGas 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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